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SOME CHARACTERISTICS RELATED TO THE INCIDENCE 
OF CARDIOVASCULAR DISEASE AND DEATH: 
FRAMINGHAM STUDY, 18-YEAR FOLLOW-UP 

Since 1948 the Framingham Study has followed a sample 
of adult residents of the town of Framingham, Massachu- 
setts. A standardized clinic examination was repeated 
at two-year intervals. By this means a wide variety of 
information has been collected about the characteristics 
of people in the Study cohort both before and after the 
development of cardiovascular disease, as well as a 
standardized clinical evaluation of changes in their car- 
diovascular status. In addition, information about death 
and the development and course of disease has been 
obtained froma number of sources outside the clinic. 

The design and execution of the Study were described 
tiesections i and 2 Of this monograph. For Some charac- 
teristics deternined at examination mean values are given 
for the first seven examinations in Sections 3 and 4, and 
bivariate correlations are given for the second examina- 
tion in Section 5. The incidence of various events is 
given ain sections 6, 7, and @. “Criteria for events are 
given in Section 8, and a description of the characteris- 


tics in Section 3. These are repeated and updated in 
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Section 26 and in this report. 

The characteristics presented are those determined on 
Exams 1 and 9 and on all or most of the intervening clinic 
examinations. Other characteristics have been evaluated 
on only a few examinations and have not been included in 
this monograph. 

The major concern of the Study has been to evaluate the 
relationship of characteristics determined in well persons 
to the subsequent development of disease. This is done in 
a systematic fashion on Sections 9 through 22 of this mono- 
graph series, using the 14 year follow-up. The same gene- 
ral material updated to include 16 years' follow-up is 
included in Sections 26 and 27. 

Like Sections 9 through 22 and 26 this section is 
exclusively a display of data. We hope subsequently to 
summarize some of the key findings but we feel an obliga- 
tion to provide a detailed display of this information now 
for those who wish to use them for program planning and for 
evaluation of their own data. 

The tables in this section show the relationship of a 
given characteristic, as measured in a population of per- 
sons free of disease, to the subsequent development of that 


disease. Each table shows (by sex, age, and level of char- 
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acteristic) the population at risk, the number of these 
persons developing the disease, and the ratio of these two 
numbers (the incidence rate). Further, the table shows, by 
sex and age, the parameters of a curve, called the logis- 
tuG EUNCtion, Litted to the observations (the value of the 
Characteristic at the beginning of the interval and the 
occurrence of the disease within the interval constituting 
an observation of an individual). Both univariate and mul- 
tivariate functions are included. 

The incidence tables deal with the incidence between 
one examination and the next, a two-year period. After 
being characterized at entry into the Study, persons are 
characterized anew at each following biennial examination 
and are shifted from one age group to the next as they grow 
older. The sum of the experience in the nine intervals of 
the 18-year follow-up is expressed as an average annual 
incidence rate. Thus, individual persons frequently con- 
tribute experience to two different ten-year age groups. 

By this means we can expand the age-specific experience, 
using reexamination as a Substitute for a much larger ori- 
ginal cohort. 

The criteria for the events and descriptions of the 
characteristics are given after an explanation of the sta- 


tistics presented in the tables. 


oer 


DESCRIPTION OF TABLES 


The tables in Section 30 present data for 14 events and 
18 characteristics. The indexing scheme for the events 
and characteristics is as follows: 

The 14 events and their index numbers are: 


1 Coronary heart disease 

2 Coronary heart disease other than angina pectoris 
3) Myocardial antarct ton 

4 Coronary insufficiency 

5 Angina pectoris uncomplicated 

6 Coronary heart disease death 

7 Sudden death from coronary heart disease 
& Cerebrovascular accident 

9 Atherothrombotic brain infarction 

19 Intermittent claudication 

11 Congestive heart failure 

12 Death 

3 Death from cardiovascular disease 

14 Cardiovascular disease 


The 18 characteristics and their index numbers are: 


Blood pressure, first examiner, systolic (mm Hg) 

Blood pressure, first examiner, diastolic (mm Hg) 

Serum cholesterol (mg/dl) 

Phospholipid (mg/dl) 

Blood glucose (mg/dl) 

Metropolitan relative weight (percent) 

Vital capacity-height index (ml/inch) 

Pulse rate (per minute) 

Cigarettes smoked (number per day) 

10 Hypertension 

11 Heart enlargement by x-ray 

12 Left ventricular hypertrophy by electrocardiogram 

13. Intraventricular conduction defect (with ORS interval 
more than 0.11 second) 

14. Definite nonspecific T-wave or ST-segment abnormality 
by electrocardiogram 

15 Albumin in urine, definite 

16 Glucose in urine, definite or trace 

17 Diabetes mellitus 

18 Glucose intolerance 


ODMDYAMNFWN = 
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The numbering scheme for the tables puts the number 
for the event first, then the number for the characteristic. 
The levels shown for the characteristic in the stub of 
a table cover the range of the characteristic, fron the 
lowest to the highest value observed in the first nine 
examinations. The table for vital capacity-height index 
(characteristic 7) is the only one to show a different 
range of values in the stubs for men and women. In 
general a subject is characterized by his value at exam. 

If that value is unknown, he is assigned the value at 
the next earlier exam at which the characteristic has 
a known value. 

Exception to the general rule occurs for diabetes mel- 
litus (characteristic 17). If diabetes is diagnosed at 
some examination, the subject retains this diagnosis on2 
Ssubseguent exaninations. 

A table takes into account characterizations on all of 
the first nine examinations and the incidence of the event 
in the nine biennial intervals of the 18-year follow-up and 
consolidates this into average annual incidence rate by age, 
sex, and level of characteristic. The statistics shown 


are; 


1) Person_years 

On each of the first nine examinations there are a 
number of persons in a specified sex-age group at risk of 
developing the event. These numbers are summed and this 
is multiplied by two, because the interval between examina- 
tions is two years, and the result is labeled "person years." 
(A person included in an age group may contribute from 2 to 19 
person years in that age group. There is, therefore, no way of 
arriving at counts of people from these tables. Section 9 of 
this series gives counts of persons, distributed by various 
characteristics for the first seven examinations.) Contrary 
to the usual implication of "person years", no account 
is taken of the fact that some persons are not at risk the 
full two years following an examination, either because 
they develop the event or die in the interval. Because 
some of the subjects in the Study were not at risk of death 
at Exam 1 -- they were added to the Study at Exam 2 -- they 
are excluded from the population at risk at Exam 1 if the 
event involves death (events 6, 7, 12, and 13). See Sec- 
tion 1, page 1g-1, for a description of this group of sub- 


jects called volunteers. 


= Foe 
The number of subjects at risk is defined differently 
for different events. All persons alive at a specified exam 
are included for the next two years in the population at 
risk of death (events 12 and 13), with the exception 
noted above for Exam 1. Subjects with preexisting 
coronary heart disease at Exam 1 or with definite 
coronary heart disease developed before any exan are 
excluded from the population at risk at that exan and sub- 
sequent exams wheré the event is coronary heart disease or 
one of its manifestations (events 1 to 7). Subjects with 
definite or doubtful cerebrovascular accident at Exam 1 or 
with definite cerebrovascular accident developed before 
any later exan are excluded from the population at risk 
at that exam and subsquent exams if the event is cerebro- 
vascular accident or atherothrombotic brain infarction 
(events 8 and 9). Subjects with definite intermittent 
claudication at Exam 1 or with definite intermittent 
claudication developed before any exam are excluded from 
the population at risk of intermittent claudication (event 
10). Subjects with definite or doubtful congestive heart 
failure at Exam 1 or with definite congestive heart failure 


developed before any exam are excluded from the population 
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at risk of congestive heart failure (event 11). Subjects 
with preexisting coronary heart disease, cerebrovascular 
accident, intermittent claudication, congestive heart failure, 
or rheumatic heart disease at Exam 1 or with definite coro- 
nary heart disease, cerebrovascular accident, internittent 
claudication, or congestive heart failure developed before 
any later exam are excluded from the population at risk of 
cardiovascular disease (event 14) at that exam and sub- 
sequent exams. 

2) Events 

This is the number of subjects in the population at 
risk at an examination who develop the event in the inter- 
val between that examination and the next. The numbers 
developing the event in each of the two-year intervals are 
summed for the first nine examination intervals. 

3) Rate 

The rate is given as the number of events per 10,900 
person years and is obtained by taking half the average 
two-year incidence rate for the first nine examinations. 

4)  Smoothed rate 

The smoothed incidence rate is based on the probability 


of developing the event in the two years following examina- 
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tion. The probability is calculated according to the value 
of the characteristic at exam, using the estimates of the 
regression coefficient and the intercept of the logistic 
function derived from data for the sex-age group. For 
example, in Table 1-1 for men aged 45-54 at exan the 
regression coefficient is 0.01557 and the intercept is 
-6.05837. The probability of a man in this age group 
with a systolic blood pressure of 175 mm Hg developing 
coronary heart disease in a two-year period is 0.03444, 
as calculated from the univariate logistic function, 
PGs eteexp > (ay t+7 bx) jj ,ewhere.a ="=6.95837, 
b = 0.01557 and x (in this case, the systolic pressure) = 175. 
This number p(175) is divided by two to express the two-year 
incidence as an annual rate and multiplied by 10,000 to give 
a crate of 172.2 per 10,000 per year. The observed rate is 
shown as 180 for level 170-179 in Table 1.1, and the smoothed 
tate for 170-179 is taken to correspond to that for value 175, 
namely, 172.2 per 10,000 per year. 

For characteristics 1 to 8 ten smoothed rates are shown 
for each sex-age group. The values of the characteristic 
used for calculating the smoothed rate are the midpoints of 


the intervals shown in the stub of the table -- except that 
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for the first and last intervals it is assumed that they have 
the same width as all the other intervals and the midpoint 
for them is chosen on that assumption. 

Values have been assigned for the discrete variables. 
The levels are 0, 1, 2, and 3 for cigarettes snoked (char- 
acteristic 9); 9, 1, 2 for hypertension, heart enlargenent 
by x-ray, and left ventricular hypertrophy by electrocar- 
diogran (characteristics 10, °%1, and 12); 0 ang i tor cune 
Six dichotomous variables (characteristics 13, 14, 15, 16, 
17, and 18). These values are used in calculating the 
regression coefficient and intercept for a given charac- 
teristic-event pair and in calculating the smoothed rate. 

5) Crude rate, actual 

The number of events divided by the number of person 
years for the three age groups combined, when multiplied by 
19,900, is shown as the crude rate for the age span 45 to 74 
years. 

6) Crude rate, smoothed 

The smoothed rate shown for age span 45-74 years is 
calculated in the same manner as for a ten-year age group. 


In Table 1-1, for example, for men aged 45-74 the 


regression coefficient is 0.017381 and the intercept is 
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~5.955423. The smoothed rate for systolic blood pressure 
of 175 mm Hg is (10,000/2)/7 ( 1 + exp(5.955423 - 0.017381 x 
175)) = 257.4. (The values shown in the table for the logistic 
Parameters are rounded to 0.01738 and -5.95542.) 

7) Age-adjusted rate 

The age-adjusted rate is a smoothed incidence rate 
based on the probability of a sixty-year-old person develop- 
ing the event in the two years following examination. To 
calculate this probability a bivariate logistic function was 
estimated for the age group 45-74 with age and the value of 
the characteristic as the two variables. This computation 
yields a rigorous test of significance for trend after 
allowing for age differences. From this the probability 
for each observation was calculated using the observed 
value of the characteristic but assigning age 60 years in 
every case. Adjustment to the actual incidence was made by 
multiplying each probability by the ratio of the actual 
number of cases to the sum of the estimated probabilities. 
The usual age adjustment involves no smoothing but other- 
wise the results are comparable. For those preferring one 
of the usual types of age adjustment, sufficient information 


is tabled for that purpose. 
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For example, in Table 1-1 for men aged 45-74 the 
regression coefficient for systolic blood pressure is 
0.015124 and for age is 0.037931 (not shown) and the 
intercept is -7.771106 (not shown). The number of men 
at risk at the beginning of the nine biennial intervals 
is 13,015. For each of these 13,015 men the probability 
is calculated as if he was age 60 years: 

P= 17 (1 + exp(7.771106 = 0.0151724K = 0.037931 xX G0)) 
where X is the value for systolic blood pressure of that 
man. The sum of these 13,015 probabilities is 434.423626. 
The actual number of cases for the age group 45-74 is 383. 
The average annual age-adjusted rate per 10,009 men with 
systolic blood pressure of 175 mm Hg is: 


(10,000/2) (383/434.423626) 7 (1 + exp (7.771106 
- 0.015124x175 - 0.037931x60)) = 241.4 


The figure 241.4 is shown in Table 1.1 as the age-adjusted 
rate for men aged 45-74 with a systolic blood pres- 
sure of 175, the midpoint of the 170-179 level. 

The values of the characteristic used for calculating 
the age-adjusted rate for an interval are the same as thos2 


used for calculating the smoothed rate -- see 4) above. 


The regression coefficient of the logistic function is 
calculated by the method of Walker-Duncan (Walker, S.H. ani 
Duncan, D.B.: Estimation of the probability of an event as 
a function of several independent variables, Biometrika (1967), 
54, 1 and 2, pages 167-179). This coefficient may be taken as 
representing the strength of the association between the 
characteristic and the event. 

In the univariate case, the intercept A and the regres- 
sion coefficient B are both shown in a table for each ten- 
year age group between 45 and 74 years and for the age span 
45 to 74. The assumption, which appears reasonable for 
most of the event-characteristic pairs, is that the logis- 
tic function is an appropriate model for incidence: 

P= 7, (v Ff exp (-A-BX)) 
where P is the probability that the subject in the popula- 
tion at risk, characterized by known value X at exam, 
develops the event in the two-year period following the 
examination (Exam 1 through Exam 9). At each examination 
a person is assigned the age at that examination and the 


value of the characteristic determined at that examination. 


ae 
group but be assigned different values each time. 

Furthermore, since each person is growing older during period 
of follow-up he may move from one 10-year age group to 

the next and contribute information to more than one 10 year 
age group. See Section 26 of this monograph series for a more 
detailed presentation of the univariate case. 

In the bivariate case, the intercept A and the regres- 
Sion coefficient C of age in years at exam are not shown in 
the table for age span 45 to 74, only the regression coef- 
ficient B of the characteristic: 

P = 1/ (1 + exp(-A-BX-CY)) 
Here P is the probability that the subject in the popula- 
tion at risk, characterized at each exam by a known value 
X and age Y, develops the event in the two-year period 
following the examination (Exam 1 through Exam 9). 

Another way to get a regression coefficient of the 
characteristic for age 45-74 taking age into account is to 
summarize the age-specific coefficients of the univariate 
logistic by a weighted average using the inverse of their 
variance as weights: 

Mean = .(B(1) /V¥ (B(1)) + BAZ) /V (B(2)). + BS) VV (eae 
D, = 1/V(BW))) tAl/VE Cee WA eie) 


Standard error of mean = square root of 1/D. 
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To make comparisons between characteristics, the age- 
specific coefficient is first standardized by multiplying 
it by the population standard deviation of that character- 
istic and then the standardized coefficients for the three 
age groups are averaged as above. 

The degree of dispersion around the average coefficient 
is measured by a chi-square statistic, the sum of the 
ratios of the squared difference between average coeffi- 
cient and age-specific coefficient to the variance of the 
age-specific coefficient. 

In the multivariate case, for age span 45-74 years, in 
addition to the specified characteristic and age a set of 
five risk factors appears: 

P= 1/(1 + exp (~A-BX-CY-3.D (i) Z(i)))- 
Here P is the probability that the subject in the popula- 
tion at risk, characterized at exam by known values for the 
specified characteristic X, age Y, systolic blood pressure 
Z(1), serum cholesterol Z(2), cigarettes smoked Z(3), left ven- 
tricular hypertrophy by electrocardiogram Z(4), and glucose 
intolerance Z(5), develops the event in the two-year period 
following the examination (Exam 1 through Exam 9). When 


the characteristic specified in the table is one of the 
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five risk factors, Z(i), the multivariate logistic function 
involves six variables, not seven. When the characteristic 
specified in the table is diastolic blood pressure or 
hypertension, characteristic 2 or 10, systolic blood pres- 
sure is dropped from the set of variables; when the speci- 
fied characteristic is blood glucose, glucose in urine, or 
diabetes mellitus, characteristic 5, 16, or 17, glucose 
intolerance is excluded. 

The regression coefficient of the logistic function 
affords a measure of the association between increased risk 
of the event and elevated levels of the characteristic. 

The T-value, which is the ratio of the coefficient to its 
standard error, gives an indication whether the association 


is statistically significant. 
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CRITERIA FOR EVENTS 


1. Coronary Heart Disease 

A subject in the study was diagnosed as having devel- 
oped coronary heart disease (CHD) if upon review of the 
case a panel of investigators agreed on a definite manifes- 
tation of CHD: myocardial infarction, coronary insuffi- 
ciency, angina pectoris, sudden death fron CHD, non-sudden 
death from CHD. Persons with pre-existing CHD at Exam 1 
were excluded from the population at risk of developing CHD. 
Pre-existing CHD at Exam 1 was identified by any one of the 
following diagnoses at Exam 1; definite angina pectoris, 
definite history of myocardial infarction, definite myocar- 
dial infarction by electrocardiogram, doubtful myocardial 
infarction by electrocardiogram, definite coronary insuf- 
ficiency by electrocardiogram and history. 


The various manifestations of CHD are these: 


Myocardial _infarction_(see_3) 


Brief recurrent chest discomfort of up to 15 minutes 
duration, precipitated by exertion or emotion and relieved 
by rest or by nitroglycerine, was regarded as angina pec- 


toris (AP) if two physicians interviewing the subject 
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agreed that this condition was definitely present. This 
diagnosis was based on evaluation of a subjective manifes- 
tation; abnormality of the electrocardiographic tracing was 


not taken into account. 


Nonsudden_ death from CHD 

If the terminal episode lasted longer than one hour, if 
the available information implied that the cause of death 
was probably CHD, and if no other cause could be ascribed, 
this was called nonsudden death from CHD. In making this 
diagnosis the review panel used prior clinical information 
as well as information concerning the final illness. 
2. Coronary heart _disease_other _than_angina_pectoris 

Because an interest is often expressed in the incidence 
of "heart attacks," this category is established to repre- 
sent the occurrence of myocardial infarction, coronary in- 
sufficiency, or death from coronary heart disease. 
3. Myocardial infarction 


Recent or acute myocardial infarction (MI) was designa- 
ted when there were serial changes in the electrocardiograms 
indicating the evolution of an infarction, including: S-T 


segment elevation in the electrocardiographic tracing (ECG) 


associated with terminal inversion of T waves and the loss of 
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initial QRS potentials (that is, development of "pathologic" 
Q waves of 0.04 second duration or greater), followed by 
serial changes indicating reversion towards normal. An oli 
sent when the electrocardiogram showed a stable pattern in- 
cluding a pathologic Q wave of 0.04 second or greater or 
loss of initial QRS potential (R wave) in those leads in 
which this would not be expected to occur. Also, an interim 
MI was indicated when changes from a previous tracing showed 
development of loss of R-wave potential or appearance of 
pathologic Q waves not otherwise explained. More weight 
was given to this finding if a T-wave abnormality was also 
associated. 

Beginning in 1956, a hospital report for a subject 
showing a rise in the serum glutamic oxalacetic transami- 
nase to a level of at least 60 units along with a history 
of prolonged ischemic chest pain was accepted as evidence 
of myocardial infarction. Subsequently, in 1962, patholo- 
gic elevation of another enzyme was included: lactic dehy- 
drogenase greater than 500 units. At a later date, with a 
change in laboratory techniques, SGOT was abnormal at 50 


and LDH at 200. 
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An autopsy report showing an acute, new, or recent in- 
farction of the myocardium was accepted as evidence of myo- 
cardial infarction. Because it is not possible to date an 
old infarction found on autopsy such evidence was not used in 
the clinical diagnosis. 

The coronary insufficiency syndrome was designated when 
a history of prolonged ischemic chest pain was accompanied 
by transient ischemic S-T segment and T-wave abnormality in 
the electrocardiographic tracing but not accompanied by 
development of Q-wave abnormality or by serum enzyme changes 


characteristic of muscle necrosis. 


If angina pectoris (see 1) developed between two suc- 
cessive examinations but the person remained free of any 
other manifestation of coronary heart disease, the diagnosis 
was designated as angina pectoris uncomplicated. 

6. Coronary _heart_ disease death 

Death from coronary heart disease was diagnosed as 
either sudden or nonsudden. Nonsudden death from coronary 
heart disease is defined under 1. Sudden death from coro- 


nary heart disease is defined under 7. 
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7. Sudden death from coronary_heart disease 

If a subject, apparently well, was observed to have 
died within a few minutes (operationally documented as 
under one hour) from onset of symptoms and if the cause of 
death could not reasonably be attributed on the basis of 
the full clinical information and the information concerning 
death to some potentially lethal disease other than coronary 
heart disease, this was called sudden death and was attributed 
to coronary heart disease. 
8. Cerebrovascular Accident 

The diagnosis of overt vascular disease of the brain 
was based on the occurrence of stroke. Minimal criteria 
for nonhemorrhagic stroke consisted of sudden onset of a 


localizing neurologic deficit (such as hemiparesis, aphasia, 


homonymous hemianopia); for stroke due to intracranial hem- 


and signs of meningeal irritation in association with a 
bloody spinal fluid under increased pressure whether with 


or without other localizing neurological deficits. A diag- 
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embolus (that is, atrial fibrillation, rheumatic heart dis- 
ease with mitral stenosis, recent myocardial infarction, 
bacterial endocarditis) was present, the clinical course 
consistent (that is, rapid onset and clearing, slightly 
bloody spinal fluid, a more localized deficit), or the 
occurrence of associated peripheral emboli elsewhere noted. 
A consultant neurologist and the clinical staff of the 
study reviewed hospital and clinic protocols. Starting with 
Exam 8 they have examined patients in the hospital with 


stroke. 


Specifically, thrombotic brain infarction was defined 
as the sudden onset of a localizing neurologic deficit (for 
example, aphasia, homonymous hemianopia, a central type of 
facial weakness, hemiparesis) documented by a physician, 
lasting longer than 24 hours, in the absence of: 1) known 
source of embolism (atrial fibrillation, rheumatic heart 


disease with mitral stenosis, myocardial infarction within 
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preceding six months, bacterial endocarditis), 2) intracra- 
nial hemorrhage (intracerebral, subarachnoid), 3) known 
hypercoagulable states (for example, erythemia), 4) other 
disease processes causing focal brain deficits (brain tumor, 
subdural hematoma, hypoglycemia). All stroke data were 
evaluated by a neurologist. 
10. Intermittent claudication 

Minimum criteria for the entirely subjective diagnosis 
of intermittent claudication consisted of a cramping dis- 
comfort in the calf clearly provoked by walking but not 
present on taking the first few steps, with the pain 
appearing sooner when walking quickly or uphill and being 
relieved within a few minutes by rest. Interviews for 
symptoms of claudication were conducted by the physician 
using structured forms for uniformity of the assessment. 


In addition, a panel of investigators reviewed all cases 


suspected of claudication to confirm the diagnosis. 


A definite diagnosis of congestive heart failure re- 
quired a minimum of two major or one major and two minor 
criteria, the criteria existing concurrently. The exist- 
ence of other conditions was considered in evaluating the 


findings. 
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1) Paroxysmal nocturnal dyspnea. 

2) Distended neck veins (in other than the supine 
position). 

3) Rales. 

4) Increasing heart size by X-ray. 

5) Acute pulmonary edema described in hospital 
record. 


6) Ventricular Ss) gallon. 

7) Increased venous pressure (greater than 16 cm H(2)9 
from right atrium). 

8) Circulation time (greater than 24 seconds, arm to 


tongue). 
9) Hepatojugular reflux. 
10) Pulmonary edema, visceral congestion, cardio- 


megaly shown on autopsy. 


Minor _ criteria: 

1) Bilateral ankle edema. 

2) ~~NYght colgh-« 

3) Dyspnea on ordinary exertion. 

4) Hepatonegaly. 

5) Pleural effusion. 

6) Decrease in vital capacity by one-third from maxi- 
mum recorded. 


7) Tachycardia (120 beats per minute or more). 
Weight loss (ten pounds or more in five days) while on 
therapy for congestive heart failure. 
12. Death 
The fact of death was supported by a death certificate. 
Additional information was obtained from records supplied 


by hospital, attending physician, pathologist, coroner, or 


family. A panel of staff physicians reviewed all evidence 
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to arrive at the cause of death. 
13. Death from_cardiovascular disease 

The cause of death was any disease of the heart or 
blood vessels. 
14. Cardiovascular disease 

Cardiovascular disease is considered to have developed 
if there is a definite manifestation of coronary heart dis- 
ease, intermittent claudication, congestive heart failure, 
or cerebrovascular accident in the absence of a previous 
manifestation of any of these diseases or rheumatic heart 
disease. Criteria for all these events have been given. A 
person having more than one cardiovascular manifestation 


within the followup period is counted as a case only at th? 


time of the first event. 
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Systolic and diastolic readings in the left arm of the 
subject were taken with a mercurial sphygmomanometer anda 
14-cm cuff long enough to fit the most obese arm. The 
recommendations of the American and British Heart Associa- 
tions were followed for reading the pressure (see Standard- 
ization of Blood Pressure Readings, American Heart Journal, 
July 1939, 18:95). Palpatory method was used to check aus- 
cultatory systolic readings. Measurement was expressed in 
millimeters of mercury on the scale of the manometer. 
Although the original protocol did not specify the accuracy 
of the measurement to be employed most readings were made 
to the nearest even number. After Exam 5 this became the 
standard practice. 

At the beginning of the Study two readings were taken 
on each subject: 1) admission blood pressure taken by the 
nurse and 2) final blood pressure taken by the examining 
physician. Beginning in April 1950 three readings were 


taken on each subject: 1) admission blood pressure taken 
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by the nurse, 2) blood pressure taken by the first 
examining physician at the start of his interview, and 
3) another blood pressure taken at the end of the exam- 
ination by a second physician after drawing blood. All 
of these pressures were taken on the left arm with the 
subject seated and the arm at heart level. In coding 
blood pressure at Exam 1 for subjects through Record 
Number 2938, the nurse's blood pressure is used as the 
reading by the first examing physician. 

Minor changes in procedure have occurred in some 
earlier exams. A second blood pressure reading by the 
Same examining physician has been substituted for a read- 
ing by a second examiner when a second observer was not 
present. 

3. Serum cholesterol _(ng/100m1l) 

At the beginning of the Study, serum cholesterol con- 
centrations were determined by the colorimetric method of 
Sperry (Schoenheimer and Sperry: J. Biol. Chem. 106, 745, 
1934. Sperry: Am. J. Clin. Path. & Tech. Supplement 2, 
91, 1938). On December 12, 1952 after the start of Exam 2, 
the method of Abell-Kendall was adopted (Abell, L.L., Levy, 


B.B., Brodie, B.B., and Kendall, F.E., J. Biol. Chem. 195, 


357-366, 1952). 
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The amount of phospholipid present in the serum of the 
subject's blood, in milligrams per 100 milliliters, was first 
determined using the technique of Schmidt, Benotti, Hersh- 
man, Thannhauser (J. Biol. Chem. 166, 505, 1946). Eater 
the determination was based on the method of Youngberg, 
G.E., and Youngberg, M.V¥., @W. Lab. & Clan. Med. 16-930 
166, 1930) with colorimetric determinations of Fiske, C.H., 
and Subbarow, Y.. (J. Biod. Chem. 667.357 5-200, 19255 
Phospholipid was measured on Exams 1 to 4, 7 to 9 (not on 
exams 5 and 6). 

5. Blood glucose (mg7100_m1l) 

The amount of glucose present in a casual specimen of 
the subject's whole blood (collected in a solution of po- 
tassiun oxalate and sodium fluoride) was determined using 
the method of Nelson (Nelson, B., J. Biol. Chem. 153, 375, 
1944; Somogyi, M., J. Biol. Chem. 160, 61, 19453 Somogyi, 
M., J. Biol. Chem. 160, 69, 1945) 0. (Blood gincase was 
measured on Exams 7 to 4, 6, 8, 9, and 18 (not on Exams 5 


and 7). 


- 29 - 

6. Metropolitan relative weight (percent 

This relative weight at exam was computed for a sub- 
ject by forming the ratio of his body weight at that exam 
to the desirable weight for his particular sex-height 
group according to standards set by the Metropolitan Life 
Insurance Company. The ratio is expressed as a whole 
number in percent. The reference weight, for a given sex- 
height group, is the midpoint of the range for medium 
frame shown in the table of desirable weights on page 12 
of "Four Steps to Weight Control" (1969), distributed by 
the Metropolitan Life Insurance Company. By linear extra- 
polation, reference weights were assigned to those sex- 
height groups not covered by the Metropolitan table, women 
55 inches and men 60 inches tall. Since the desirable 
weights are shown for persons with their clothes and shoes 
on, adjustments are made to apply the reference weight to 
the subjects in the Framingham Study, who were weighed 
without clothes and measured for height without shoes: 
five pounds are subtracted from the weight for men, four 


pounds for women; one inch was subtracted from the height 
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for men, two inches for women. The resulting set of 


reference weights is: 


finches) Men Women {anches) Hen Women 
55 94 5 131 128 
56 97 66 135 132 
57 109 67 140 136 
58 193 68 144 140 
59 106 69 148 
69 116 109 70 152 
61 119 112 71 157 
62 122 116 72 161 
63 125 120 73 166 
64 128 124 74 170 


7. WVital_capacity-height _index_(ml/inch) 

A nurse or technician instructed the subject to take 
the deepest breath possible and exhale to the fullest 
extent into the tube of a water-sealed spirometer (Collins 
Vitalometer). Three trials were made for each subject; the 
highest reading was recorijed. This measurement of vitai 
capacity was read to the next lower 0.1 liter on the scale 
of the spirometer. The vital capacity in milliliters was 
divided by the subject's height in inches to get the vital 
capacity-height index. 

8. Pulse _rate_(per_minute) 
The pulse rate is the ventricular rate as determined 


by the physician from the electrocardiogram made with the 


subject in the recumbent position. Electrocardiograms 
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were made at each exam and the ventricular rate was coded 
for data processing for all exams except 2 and 3. 
9. Cigarettes smoked _(number_per_day)____ 

Histories of cigarette smoking were obtained on every 
exam except Exam 6. However, information from the first 
three exams was coded to represent usage at Exam 1, leav- 
ing Exams 2 and 3 uncoded. On the initial examinations 
there was no fixed rule for deciding whether a person was 
an ex-Cigarette smoker, but persons who had only recently 
stopped were always considered still smoking. On later 
examinations anyone smoking cigarettes within a year was 
considered a current smoker. For current smoker, the 
number of cigarettes usually smoked each day was recorded. 
Additional details are given in Sections 3 and 26 of this 
series. 

19. Hypertension 

At examination, a subject had two blood pressure 
readings taken by the examining physician(s). If both 
readings were "abnormal" the subject had definite hyper- 
tension; if both readings were "normal" the subject had 


normotension; with any other combination of readings the 


subject had borderline hypertension. 


= 3 2-= 

A blood pressure reading was "abnormal" if either 
the systolic or the diastolic component was "abnormal". 
The reading was "normal" if both systolic and diastolic 
parts were "normal". A systolic pressure was called 
"normal" when under 140 mm Hg, “abnormal" when 160 or 
greater. A diastolic pressure was called "normal" when 
under 90 mm Hg, "abnormal" when 95 or greater. 

When a subject had only one blood pressure reading 
taken by the examining physician, hypertensive status 
was determined on the basis of this one reading. 

11. Heart enlargement _by_x-ray 

Roentgenograms were taken at each exam with a West- 
inghouse Autoflex 300-milliampere X-ray unit and with a 
Machlett superdynamax tube. The subject was positioned 
erect in max-respiration phase with full anterior chest 
against the film cassette. The X-ray tube was placed at 
level of seventh thoracic vertebra, a distance of two 
meters from anode to film. The film size was 14 x 17 
inches. Beginning in Exam 4 the machine was actuated by 
a device attached to the subject through electrodes 
applied to the left and right axillary margin at level 


of the seventh rib, to take the X-ray at the moment of 
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full diastole. (Peak of R wave plus 0.008 second to 
termination of exposure insured the shadow of the cardiac 
Silhouette in full systole.) The transthoracic Lead I 
electrocardiographic tracing showing the point of X-ray 
exposure was printed at the top of the exposed X-ray 
film before development. 

All films were interpreted by a roentgenology con- 
Sultant who did not have access to clinical data on the 
subject before viewing his films. Beginning in early 
1952 one consultant, Dr. Lloyd E. Hawes, viewed all films 
taken at the Framingham Heart Clinic and made the X-ray 
interpretations. 

The diagnosis of left ventricular hypertrophy signi- 
fied that this chamber was enlarged as shown by an ex- 
tension of the left apex of the heart towards the left, 
an elevation of the apex and a squaring of the apex. The 
transverse diameter of the heart was usually more than 
half the transverse width of the chest. However, ina 
subject with a large chest the square prominent shape of 
the left apex of the heart may have signified left ven- 
tricular hypertrophy even with transverse diameter of 


the heart less than half the width of the chest. The 
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diagnosis of left ventricular hypertrophy could be made 
with normal measurement of the transverse diameter of 
the heart. 

The diagnosis of generalized cardiac enlargenent was 
made when the heart shadow was rounded and expanded both 
to the right and the left, giving an appearance not of 
left ventricular hypertrophy alone but of either a dila- 
tation of all chambers or a dilatation of the atria and 
right ventricle as in mitral heart disease. 

A diagnosis of generalized cardiac enlargement and 
left ventricular hypertrophy was made if the heart was 
rounded overall and enlarged, and the apex projected fur- 
ther out and was square and prominent. 

A subject with heart enlargement had either generalized 
cardiac enlargement or left ventricular hypertrophy or both. 
12. Left_ventricular_hypertrophy_by_electrocardiogram 

Electrocardiograms were taken at each exam with a Sanborn 
Visocardiette. The subject was in the recumbent position. 
Thirteen leads were used, three standard, three augmented 


unipolar limb leads, and seven precordial leads of Wilson. 
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Basically the criteria for definite and strongly sugges- 
tive evidence of myocardial disease were those listed on 
pages 194 and 195 of Burch and Winsor, Primer of Electro- 


cardiography, Ed. 1, Lea and Febiger, Philadelphia, 1945. 
Left ventricular hypertrophy consisted of a tracing 
exhibiting a slight prolongation of "ventricular activation 
time" (at least 0.05 second on the left) associated with 
R-wave potentials of at least 20 mm in standard leads, at 

least 11 mm in augmented unipolar leads, at least 25 mm 
in any deflection in precordial leads or at least 35 mm 
combining any V(1), V(2) S-wave deflection with R-wave 
deflections from V(5) or V¥(6). This had to be 
accompanied by depressed S-T segments or flattened to 
inverted T waves reflecting potentials from left 
precordial leads. 

A category of possible left ventricular hypertrophy was 
designated when tracings exhibited characteristics similar 
to those above except in less striking degree or when not 
all were present. Increased R-wave potential without asso- 


ciated S-T and T-wave abnormality was included in this cat2- 


gory. 
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Complete right intraventricular heart block was 
diagnosed when QRS duration exceeded 0.11 second and an 
R-R*' wave was noted in any one or more right precordial 
leads, with a delayed peak of R' wave (equal to 0.03 
second or greater) after onset of QRS complex, accom- 
panied by broad S waves in left precordial leads anda 
corresponding broad S wave in Lead I. Complete left 
intraventricular heart block was designated when the QRS 
interval exceeded 0.11 second and tall slurred R waves 
were observed along with absent Q waves in any of the 
left precordial leads and a reciprocal deep S wave in 
the right precordial leads. The peak of the notched R! 
wave occurred at greater than 0.06 second after the 
onset of the QRS complex in one or more left precordial 
leads. Complete indeterminate intraventricular heart 
block was designated when the QRS interval was prolonged 
beyond 0.11 second and the characteristic changes indi- 
cative of either right or left intraventricular heart 
block were absent, but the lengthened QRS interval was 


not obtained at the expense of a shortened P-R interval 
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(as in the Wolff-Parkinson-White syndrome). No hemi- 
block or bifascicular block designations were distin- 


guished. 


by_electrocardiogram 

Nonspecific abnormality was designated in the absence 
of a prominent R wave when there was ST-segment depres- 
sion (exceeding one millimeter below the base line) and/ 
or primary T-wave inversion or flattening. This diagno- 
sis was not made if a more specific explanation could be 
made for these changes (such as intraventricular block, 
myocardial infarction, or left ventricular hypertrophy) 
or if the changes occurred in those leads where they are 
acceptable variations. 

15. Albumin_in_urine, definite 

Procedure for testing for the presence of albumin in 
a subject's freshly voided urine was as follows: 

To 10 cc of urine in test tube add 2 cc reagent (Quan- 
titest reagents: beta naphthalene sulphonic acid and 
glacial acetic acid). Allow to stand. Result is read in 
milligrams of albumin per 100 milliliters by comparing 
turbidity with standards in lighted rack. In coding the 


result of the turbidity comparison, definite urine albu- 
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min is 20 mg/190 ml or higher; trace urine albumin is 10 
mg/199 ml. 

This measurement, though made, was not coded for Exam 
4, 

16. Glucose_in_urine, definite or trace 

Procedure for testing the presence of glucose ina 
subject's freshly voided urine was as follows: 

To five drops of urine in test tube add 10 drops of 
water and one Clinitest tablet. Allow to stand 15 
seconds after boiling has ceased and then read prompt- 
ly. Compare color to chart provided with tablets. Read 
aS . MCGALUWVE p14 ity. (24 iad ROG te 

In coding the result of the color comparison, defi- 
nite urine glucose is 2+, 3+, or 4+; trace urine glucose 
See 
17. Diabetes_mellitus 

A review was made of the records of all subjects 
with a history of diabetes or elevated blood glucose or 
glucose in urine at any exam, Exams 1 to 9. Out of this 
group a subject was diagnosed as having diabetes if he 


was under treatnent by his private physician for diabetes 


or if he had a record of an abnormal glucose tolerance 
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test or if he had on at least two exams a casual blood 
glucose determination of 150 mg/100 ml or more. 

Treatment by private physician meant that the sub- 
ject was taking insulin or oral hypoglycemic agents. 

In addition, if the subject was taking oral agents, the 
diagnosis of diabetes was made only if records from the 
Framingham Study, private physician, or hospital showed 
several elevated blood glucose determinations before 
treatment started. For this purpose an elevated blood 
glucose meant a value of 150 mg/100 ml or higher. 

The Study did not give subjects glucose tolerance 
tests; therefore the record of such tests had to be 
obtained from a private physician or hospital. The 
standard glucose tolerance test was taken as the inges- 
Priomor | VOngrams of glucose after a 12-hour East. The 
test was considered abnormal if the blood glucose con- 
centration was 160 mg/100 ml or more at one hour after 
challenge, 140 or more at two hours, and was still 


higher at three hours than when the test began. 


18. Glucose intolerance 
A subject was said to demonstrate glucose intolerance at 
examination if any one of the following conditions obtainei: 
a) A diagnosis of diabetes mellitus at that examina- 
tion or any preceding examination; 
b) A determination of glucose in the urine sample, 
either definite or trace by Clinitest, at that examination; 
Cc) A measurement of the amount of glucose present in 


a casual specimen of whole blood equal to 120 mnilligramns or 


more per 100 milliliters at that examination. 
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NOTE: Sections of the Framingham Monograph are listed under 
the heading PREVIOUS SECTIONS. 
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